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s that some cells, which might bo superficially termed mast cells, were morphologically distinct and capable of displaying the well-known "chromaffin-reaction," that histochemical characteristic so typical of the adrenal medulla. Further, by utilizing electron microscopy, Hibbs, Burch and Phillips 9 have been able to demonstrate unequivocal morphological differences in types of so-called tissue mast cells. It appears that the statement in a recent text, 10 "For lack of better criteria, From the Departments of Medicine and Anatomy, Tulane University School of Medicine and the Charity Hospital of Louisiana, New Orleans.
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•Definition of motachromasia : "The thiazine, thionin (C.I. 920) and its mono-, di-, tri-and tetra-methyl derivatives azure C, azure A, azure B (comprised under C.I. 923) and methylene blue (C.I. 922); its relatives toluidine blue (C.T. 925) and new methylene blue (C.I. 927) are valuable nuclear stains and exhibit in varying measure the property of metachromasia, or of staining cartilage matrix, mucin, and the granules of mast cells in a more violet or redder tone than they do nuclei." 11 one must assume that any connective tissue cell containing cytoplasmic granules which stain metachromatically with toluidine blue is a mast cell," is open to re-evaluation.
The purpose of this report is to draw together and present certain new experimental findings concerning tissue mast cells in man and to discuss pertinent concepts arising from these data. In order to provide a necessary background for this, a. selective review of the literature on mast cells, especially as they apply to the vascular system in man, is included. Materials with potent cardiovascular actions, including histamine, serotonin, heparin, epinephrine and norepinephrine, have been implicated in the functions of these cells. Consideration of this information has prompted the following studies. As opposed to the vast majority of studies on mast cells which have dealt primarily with lower animals, the present investigations have been directed toward man. As in all newly explored fields, many of the following proposed or reviewed concepts may eventually come to be revised or even rejected.
Tissue Chromaffin Cells For many years, the presence of a structure in the peripheral tissues capable of liberating a vasoconstrictor principle has been postulated from indirect physiologic and pharmacologie evidence. Some of this evidence, both old and new, is as follows:
(1) Von Euler 1 -has shown that almost all organs that have been examined contain small amounts of epinephrine as well as norepi-TISSUE CHROMAFFIN CELLS AND MAST CELLS   693 nephrine. The norepinephrine is apparently liberated from the adrenergic nerves, but the entire source of the epinephrine has been debatable. After sympathetic denervation to some organs, the norepinephrine content drops sharply, whereas the epinephrine content falls only moderately.
12 ' 13 This suggests that epinephrine could be derived from tissue chroniaffin cells which continue to elaborate their specific substance even after sympathetic denervation.
(2) It has been shown repeatedly that even following almost total body sympathectoiny, the peripheral vasomotor apparatus can reestablish an essentially normal blood pressure."-10 (3) Despite the importance of the sympathetic, innervation in the control of dermal blood vessel tone, it has been demonstrated that complete severance of these nerve fibers is followed by only a temporary period of vasodilatation.
17
(4) As noted by Lewis, 1S the white areas which form in the skin when the circulation is arrested (Bier's spots) are due to intense contraction of dermal capillaries and venules. The presence or absence of sympathetic innervation to these vessels is unsettled. 17 
"
19 Lewis 18 showed that neither central nervous factors, nor local nervous factors were the cause of Bier's spots. It has been observed that such spots may develop in completely denervated areas. Through a series of careful experiments lie concluded that the true mechanism here is the local release of vasoconstrictor substances in the tissue spaces.
(5) Adams-Ray et al. 20 have shown that an extremely high tone is present in the cutaneous vessels of the lower extremities and abdomen. The magnitude of this tone is proportional to the degree of hydrostatic pressure active locally. This factor implies a certain local control over vascular tone.
(6) Ginzel and Kottegoda 21 -22 demonstrated in the rabbit's ear that nicotine caused a marked constriction of the vessels in the skin and a dilatation of the vessels overlying the cartilage. The same results were obtained after complete denervation. It was concluded that nicotine caused the local release of an epinephrine-like substance in the skin responsible for the observed effects. Burn and Rand 8 also demonstrated that nicotine caused constriction of the skin vessels in the denervated rabbit's ear. After pretreating the rabbits with reserpine it was found that nicotine failed to cause this vasoconstriction. In this regard, it was interesting that after treatment with reserpinc the catechol amine content of the skin, which was previously high, decreased almost to zero. Recently Burn and Hobbs" have shown that the arterial spasm following intra-arterial injection of thiopenthal (Pentothal Sodium) is due to release of norepinephrine from structures in or near the artery wall. These structures were thought most likely to be local chromaffin cells.
These data suggest that there probably is a local tissue source for the production or release of a vasoconstrictor substance. Using a technic modified from the original of AdamsRay and Xordenstam, 3 ' 4 we believe that further support for this apparent source in the peripheral tissues may be demonstrated.
0
Since details of this technic have been previously reported, 0 they will not be presented here. Basically, the technic consisted of the following: (1) Human skin was fixed in Orth's solution (bichromate). This provided the chromaffin reaction but did not display satisfactorily all outlines of the cell. Adrenal medulla was processed concurrently as a control. (2) Staining with Sevki stain (modified Giemsa), known to stain chromaffiu tissue but not specifically for it, was employed to show cellular details more clearly. (3) To give adequate control and cellular localization, the over-all procedure for the same tissue sections consisted, chronologically, of fixing, photographing, staining, photographing, destaining, photographing, restaining, and photographing.
By utilizing the above procedures it has been possible to reach the following conclusions: (1) Granules are present in cells of human skin which show the chromaffin reac- tion. (2) These granules tend to be localized in special cells grossly similar to so-called mast cells, which have undoubtedly been called mast cells in the past. These special cells are elongated ell-like structures with a long palestaining nucleus and usually bipolar cytoplasmic protrusions containing bluish-red granules. The cells are irregularly distributed among collagen fibers in the corium especially in the vicinity of blood vessels. A more detailed description of these cells and of differentiating characteristics from "mast cells," other than by the chromaffin reaction, is available in previous reports.
3 '
4 ' 8 Figure 1 shows a "chromaffin cell" from human digital skin. Note its elongated shape and the presence of fine granules. Figure 2 shows a "typical mast cell," also from human digital skin. Note the more globular shape and the presence of coarse granules in the cytoplasm.
Many studies are available in the literature concerning at least 2 types of "mast cells, " 1Op -3~-!i the round or flat cell type and the "fibroblastic type" or type with processes. Further differentiation of these types has been sparse and variable, and no mention of the chromaffin reaction is apparent prior to the recent reports cited above.
Using technics similar to those described herein, Bum and Rand 8 were able to demonstrate "chromaffin cells" in rabbit ear skin. After treatment with reset-pine, few, if any, of these cells could be found, whereas the "mast cells" were unaffected. As noted previously, the originally high content of catechol amines in rabbit skin prior to treatment with reserpine was found to fall almost to zero after treatment. This offers highly suggestive evidence that chromaffin cells may be an important local source of catechol amines in the skin.
Electron Microscopy
Electron microscopy has been employed in an attempt to clarify the problem arising from the apparent discrepancies concerning the socalled tissue mast cell. 9 Tissues utilized in these studies were from human digital and abdominal skin (20 specimens) obtained by punch biopsy, 2 
"'
2~ and from human gastric mucosa (8 specimens) obtained by suction biopsy. 28 It has been possible to identify at least 2 types of "mast cells" in these tissues. One is an elongated cell with granules containing an amorphous material enclosed by a membrane ( fig. 3 ). The other type is an oval circumscribed cell with granules composed of peculiar subgranular structures in the form of clusters of rolled scrolls, all enclosed by a distinct membrane (fig. 4) . On high power magnification, the granules of the elongated type of cell are seen to have a homogeneous structureless internal architecture ( fig. 5 ). High power magnification of the oval type cell shows that the granules are composed of subgranular laminated scroll-like bodies with a finely particulate substance filling the spaces between and within these bodies ( fig. 6 ). It is believed that the finely particulate material is an important component of this type of granule. It seems probable that the oval type cell with its complex granules is the more classic form of tissue mast cell, while the elongated type with its rather simple granule is the so-called fibroblastie mast cell, some or all of which may be chromaffin cells as herein described. Both types of cells were found in the gastric material as well as the skin, although in the stomach, the oval type of cell was more numerous than the elongated.
Possible Significance of Mast Cells and Other
Granulated Tissue Cells
Anatomic and Physiologic Considerations
Many articles concerning mast cells have been compiled, some of which are excellent; 29 " 37 however, it is not the purpose of this report to review this entire literature. A great majority of reports relate different findings and conclusions, and as yet numerous problems are unsettled.
In general, mast cells have been shown to contain heparin, histamine and serotonin (5-hydroxytryptamine). 38 ' 39 There is variation in the species, however, and whether or not normal human mast cells contain serotonin has been debated. 40 ' 41 Little is known of human mast cells in abnormal states. "We believe that the chromaffin cells described herein contain epinephrine, norepinephrine or both. Excluding heparin, it is interesting to reflect on the structural nature of these chemicals ( fig.  7 ). Structural similarity is readily apparent.
It is tempting to relate the above products to vasoactive substances predicted years ago by Lewis 18 to be produced locally in the skin. It might be possible that the classic mast cells are a source of the vasodilator material, "Hsubstance," whereas chromaffin cells are the source of the vasoconstrictor principle, possibly epinephrine or norepinephrine.
Of particular interest are the subgranular structures occurring in the form of rolled scrolls observed in the '' classic type of human mast cell." This layered structure is quite similar to that reported in electron microscopic studies of synthetic phospholipids. by water containing alkali, invites comparison with other biologic systems which react in similar fashion. Among these, the curious formation of myelin figures by the fatty material of nerve sheaths or by the lipoidal walls of plant cells and plastids is outstanding. There is now abundant evidence that such structures are composed mainly of bimolecular leaflets of phospholipid, often cross-linked by divalent calcium ions, and that mild saponification by alkali is sufficient to admit water between the leaflets and so produce visible swelling and the emergence of strange, worm-like tubes as the process of hydration travels through the system. '' It has been previously demonstrated by light microscopy of mast cell granules that PH1LLTPS, BURCII, HI BBS surrounding; the core of metachromatic substance there is a skelton of material which stains with Sudan black B.
31 -44 A lipid or lipoprotein skeleton for mast cell granules has been proposed in other reports. 4 "' 14(i Mast cell granules treated with benzpyrene-catt'einehave been shown to react positively for phospholipids under examination with an ultraviolet light fluorescent technic. 47 Isolated mast cell granules from the ox liver capsule have been shown to contain a lipid fraction of over 20 per cent of their total dry weight in Avhich lecithin comprised a large part. 48 Chromatography of hydrolyzed mast cell granules of the rat showed that these granules contain lecithin (phosphatidyl choline), phosphatidyl ethanolamine and phosphatidyl serine.
30 Similar results were obtained from mouse mastocytoma and cow mastocytoma.
:i(i Difficulty arises in comparing various studies because of differences in sources of specimens and the known wide variation in species in mast cells, including variations in lipid content. 44 Nevertheless, the evidence suggests that a lipid component is present in the mast cell granule structure. That this may have some physiochemical significance is suggested from studies showing that compounds with structures similar to those in figure 7 offer very favorable conditions for linkage with phospholipids of living tissue. 49 Thus, the ammo group of these structures Avould be linked to the phosphoric acid portion of the phospholipid. Of the phenylalkyl amiues, the phenolic group would be linked to the quarternary nitrogen of the choline or the primary nitrogen of the colamine. 40 Referring to work by Hirt and Berehtold, 50 showing by tensiometric study of artificial surface films that histamine reacts specifically with a primary 0 II phosphatideof the type R ' -O -P -O H , Riley :i(! OH has offered interesting new concepts on histamine binding by mast cells. "With reference directly to histamine in mast cells he proposes, "that the granule or cell membrane may contain in its structure a phospholipid capable of yielding a primary phosphatide selectively sensitive to histamiue, which, freed from its ionic linkage in the cell, procures its own release by its surface activity on the film surrounding it. This may prove to be the point of attack of the chemical histainine-literators."
30
With data from histocheinical and electron microscopy studies, it is possible to postulate that mast cells and ehromaffin cells may be closely related. In fact, it seems likely that "tissue mast cells'" represent a spectrum of cellular types previously grouped together by the simple criterion of granule metachromasia. It is entirely possible that this group is composed of related or unrelated cells having numerous differences in structure and function. These various cells may have a common origin with growth, development, and differentiation being determined by the local tissue environment.
Convenient tools for the study of mast cells may be developed with use of the chemical depletors of tissue amines. Polymyxin B has been shown to release a maximal amount of histamine from the skin of the rat and to cause complete disruption of the mast cells. 41 Reserpine causes release of a maximal amount of serotonin from rat skin but has little anatomic effect on tissue mast cells as observed by light microscopy. 41 The "histamine-liberator," compound no. 48/80, causes tissue release of both serotonin and histamine along with marked destruction of tissue mast cells. 30 ' 41 That there are several mechanisms whereby histamine may be liberated from mast cells is suggested from observations that such histamine release may be accompanied by cell changes ranging from : (1) total disruption of the mast cell, to (2) simple degranulation with an intact cell, to (3) subtle replacement of the histamine molecule by another amine, such, as toluidine blue, without accompanying anatomic change under the light microscope. r>4 It has been emphasized that the mast cells are one of the most sensitive and easily injured cells in the body. Simple stroking of the skin may cause liberation of their granules and even disintegration of.the cells. 54 It has been shown in some species that histamine may be liberated .from the cell without necessarily the liberatioa of serotonin and likewise serotonin m^y be released without the liberation of histamine. It has been suggested that various chemical mediators may be bound in mast cells of various species in different ways since pep-,tone shock in the rat causes liberation of histamine but not heparin, while peptone shock in the dog causes liberation of both substances. As recently stated by Weiser, " I personally regard, the role of the mast cells in tissue in- jury as one of the most intriguing problems in allergy today." 54 Although incompletely understood, mast cells participate in many reactions and conditions of the skin including vascular reactions to various toxins, itching, urticarial whealing, urticarial dermographism, neurodermatitis, and urticaria pigmentosa.
' r>s Considerable increases in mast cell counts have been noted in association with lupus erythematosus, scleroderma, pemphigus vulgaris, vitiligo, exfoliative dermatitis, scarlet fever, poikiloderma atrophicans vasculare and various skin tumors.
Significantly increased connective tissue mast cell counts have been noted further in periarteritis nodosa, rheumatic fever, rheumatoid arthritis, primary amyloidosis, bronchial asthma, elephantiasis and obliterative vascular disease.
- 53 Changes in mast cell frequency and morphology have been observed in myxedema and hyperthyroidism. 30 Increased or decreased activity of several hormones has been noted to significantly influence the tissue mast cell structure and function. These hormones include corticotropin, thyrotropin, somatotropin, gonadotropin, adrenal steroids, thyroid, estrogen, and progesterone. 51 Local and systemic changes in mast cells have been noted in animals exposed to cold.
ao Implication of mast cells in the metabolism of lipoproteins has been suggested/' 7 Of particular interest have been studies pertaining to atherosclerosis and thrombosis. Recently, comments have been made concerning the so-called "coronary paradox" 38 relating to studies by Pomerance 50 demonstrating increased numbers of mast cells in the arteries of patients with coronary thrombosis and to studies by Sundberg 53 who showed a similar finding in veins of patients with venous thrombosis. Assuming that heparin plays an important inhibiting part in atherogenesis and thrombosis, this would be the reverse of what would be expected. Demonstrating the confusion in the literature on the subject, other studies haA' e implied the reverse findings for mast cells. Cairns and Constantinides 00 found that the myocardium of atherosclerotic hearts contained lower mast cell counts than those of normal individuals. Pollak r ' 7 found a decrease in mast cell count in areas of atheromatous lesions. Hampton 61 felt that the absence of coronary atheromatosis in a 68-year-old man with Waldenstrom's macroglobulinemia was related to the heavy infiltration of mast cells in this patient's myocardium, as demonstarted at autopsy.
It seems likely in the above important studies that a simple definition of mast cells based on granular metachromasia cannot be accepted wholly without qualification. Abundant evidence is available in the literature demonstrating the potentiating effects of epinephrine and similar substances in atherogenesis. 62 " 05 The potentiating effects of iproniazid, the monamine oxidase inhibitor, in hastening vascular calcification have been reported. 66 With respect to the aboA' e reports relating to mast cell alterations, the discrepancies might be clarified with more refined technics and with the demonstration of the true type of "mast cell" present. In some reports, chromaffin cell alterations might better fit the observed results. With respect to this, one wonders about the significance of the accumulation of chromaffin tissue in the left coronary suleus, 07 the frequent site of atheroniatosis and thrombosis. A systemic defect in lipid metabolism does not explain adequately the significant localization of these processes to that area. A regional localizing factor must certainly be present. Prior to the description of chromaffin cells in the skin, the only described consistent locations of chromaffin tissue in the body were in the adrenal medulla, the paraganglia, the connective tissue between the aorta and pulmonary artery, the superior cervical ganglia, and the coronary sulci, especially the left.
Recently, Scherbel and Harrison 68 have reported finding marked hyperreactivity to dermal injections of serotonin, histamine, epinephrine, and norepinephrine in patients with various "collagen diseases." Interested by these findings, we reviewed digital biopsies from a number of patients with these collagen diseases. Preliminary observations by light microscopy seem to indicate that patients with these diseases have an increased number of "mast cells" in their skin, the numbers essentially directly related to the degree of activity of the disease. For obvious reasons noted above, it must be emphasized that these are preliminary findings, and no conclusions should be drawn. Clarification must await cell counts and identification and differentiation of mast cell types. Of interest is the evidence that serotonin is of etiologic significance in scleroderma and other fibrotic states. 69 Just how mast cells participate in pathological alterations in connective tissue is far from understood. Even knowledge of their role in the metabolism of normal connective tissue is incomplete. Riley, 36 who has made extensive studies into this aspect, recently concludes, "For the moment, we must leave it that a local 'mast-cell cycle' may play its part in the deposition, absorption and redeposition of fibrils in connective tissue and that there is growing evidence that this is so." Notable in their effects on the connective Circulation Research, Volume VIII, July I960 tissue are the adrenocorticosteroids. Of interest are the marked morphologic changes in mast cells following treatment with such steroids. 31 -70 By light microscopy, these changes consist of distortion of cellular architecture, dissolution of granules, and loss of the metachromatic staining substances. Recently, we had the opportunity to examine, by electron microscopy, skin and gastric biopsy material from a patient on large oral doses of these steroids. Extremely few of the chromaffin-type cells could be found, but one that was observed showed that its granules had been completely replaced by "empty" spaces. In contrast, the more classical type of mast cell was found with a frequency similar to that in untreated patients. Its granular structure was markedly altered, however, and although the subgranular laminated rolled-scroll forms were still present (possibly even in greater concentrations), none of the previously mentioned finely participate matter usually filling the granule could be found.
9
This leads to the suggestion that the finely particulate substance is responsible for the metachromatic staining properties in this type of cell and thus might be heparin or a related compound.
Summary
Tissue mast cells have been a source of great curiosity since their conclusive description by Ehrlich over 80 years ago. They have been implicated in a vast majority of connective tissue reactions both of physiologic and pathologic nature. In some species at least, mast cells have been implicated in the production, storage and release of potent cardiovascular substances including heparin, serotonin and histamine.
The present report is directed particularly toward man. Evidence is presented suggesting that human tissue cells previously lumped into one large group on the basis of. granular metachromasia and termed tissue mast cells, represent at least two morphologically distinct cellular types. Difference in function of these cells may be great. There is evidence that one type may be a local tissue source for epi-PHILLIPS, BURCH, HIBBS nephrine, norepinephrine, or both. It is suggested that mast cells as a whole may represent a spectrum of cell types having numerous differences in nltrastructure and function. It is believed that their continued study in various physiologic and pathologic states should prove fruitful.
Summario in Interlingua
Mastocytos tissutal ha stimulate niultc euriositate, semper depost lor description conclusive per Elirlicli plus quo 80 amios retro. On ha trovato quo illos participa. in lo grandc majoritatc del reactiones do tissu conjunctive, tanto sub conditiones physiologic como ctium in statos pathologic. In certe species, mastocytos ha domonstratemente un rolo in le production, thesaurisation, o liberation do potento substantias cardiovascular, incluse heparina, serotonina, c histamina.
Lc prcscntc reporto so occupa particulannente dul situation in luimauos. Es presentate datos que pare indicar que le cellulas tissutal human que previemente essova considerate como pertinente a un sol cxtenso gruppo super lo base de lor inctachromasia granular comnnm e que esseva designate como mastocytos tissutal representa do facto al minus duo differcnte typos cellular. Le differentias functional inter istc cellulas es considcrabile. II existe obscrvationes quo pare provar quo un del typos de ille cellulas es le fonte local de epinephrina e/o norepinephrina del tissu. Es proponite le these que le mastocytos in le comprehensive senso traditional representa un spectro de typos cellular que ha numerose differentias de ultrastructura e de function. Es opinate que le continue studio de iste cellulas, in varie statos physiologic c ptathologic, vti certo provar se de grando valor.
